Abstract. 316LN austenitic stainless steel (ASS) has been used as a magnetic support structure for ITER. Pulse current as a new materials processing method, has many remarkable advantages. In this paper, the pulse current was used to treat the 316LN ASS welded metal welded by narrow gap MAG welding. The influence of different pulse current parameters on microstructures and microhardness of 316LN austenitic stainless steel weld metal was investigated. It was found that the microstructure of 316LN weld metal had a transitional trend from columnar sub-grains to equiaxed grains when the pulse current is increased to 700A. As the pulse current gradually increasing, the microhardness of weld metal first showed a constant trend, then decrease, and finally increase; with the increase of processing time, the microhardness of weld metal increased; with the increase of pressure, the microhardness of weld metal increased too.
Introduction
In recent years, with the development of science and technology, the requirements for energy are increasing. Nuclear fusion has become the most promising renewable energy technology in the world due to its advantages of abundant resources, no pollution of the environment, and no high radioactive waste [1] [2] [3] [4] [5] .
316LN ASS is an important material used in the magnetic support structure of ITER. Due to the harsh working environment and particularity, ITER headquarters has a high demand for low-temperature impact toughness of 316LN welded metal [6] [7] [8] .
This paper is based on the International Thermonuclear Experimental Reactor of major international science and technology cooperation program. The 316LN ASS weld metal was used as the research object. Before pulse current treatment, the base metal was welded by narrow gap MAG (NG-MAG) arc welding. Through the observation of microstructure and microhardness test of 316LN ASS weld metal after being treated by pulse current, explore the effect of pulse current parameters on the microstructure and microhardness of 316LN ASS weld metal welded by narrow gap MAG welding [9, 10] .
Experimental materials and methods
Experimental materials. The 316LN austenitic stainless steel was selected as experimental materials. The base metal was treated with hot rolling, 1050 °C solution treatment and water quenching process before welding. The weld metal was obtained by NG-MAG arc welding. The filler metal used was ASN 5-1G (AWS/ASME SFA 5.01 ER317L).diameter 1.2mm.
Main experimental equipment. The welding equipment of this experiment was a narrow gap melting gas protection automatic welding system shown in Fig 1. The pulse current treatment equipment used in this experiment was SPS 320 MKII discharge plasma sintering equipment. The pulse current heat treatment device was shown in Experimental parameters. In this experiment, the experimental parameters were displayed in Tab showed the microstructure of weld metal after being treated with 600A and 5min pulse current treatment. The original austenite grain boundary appears in the elongated columnar structure in the weld metal. Fig 7 showed that the microstructure of weld metal treated by pulsed current of 600A and 10min is elongated columnar crystal structure. Fig 8 showed that the microstructure of the weld metal treated by pulsed current of 600A and 30min was still a thin columnar structure. showed that the microstructure of the weld metal treated by the pulsed current of 600A, 30min and 3kN had not changed significantly. Fig 10 showed that the microstructure of the weld metal treated by the pulsed current of 600A, 30min and 5kN was elongated columnar crystalline structure. Fig 11 showed the microstructure of the weld metal treated by 700A and 30min. Original austenite grain boundaries of large angle was observed and the microstructure 316LN ASS weld metal had a transition trend from columnar sub-grains to equiaxed grains. Fig. 12 , the microhardness of the sample treated with 200A-5min and 400A-5min did not produce any significant change compared with the original weld. The micro-hardness of the sample treated with 600A-5min has been a decline compared with the original weld.
Microhardness test. As shown in

Fig 12.
Effect of different current sizes on microhardness. As shown in Fig. 13 , the microhardness of the 316LN austenitic stainless steel welded metal increases as the processing time increases. Among them, the microhardness of the weld metal treated with 700A-30min treatment appeared a greater rise.
Fig 13.Effect of different pulse current treatment time on microhardness
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Fig 14.Effect of different pulse current treatment pressure on microhardness
Conclusions
In this paper, the change of microstructure and microhardness of 316LN weld metal after being treated with different pulse current parameters has been studied, and the following experimental conclusions have been obtained:
(1) When pulse current was set to 200A, 400A and 600A, the microstructure of 316LN ASS weld metal did not show significant changes; when the current was increased to 700A, the microstructure of 316LN ASS weld metal had a transition trend from columnar sub-grains to equiaxed grains.
(2) When the pulse current was set to 200A and 400A, the microhardness of 316LN austenitic stainless steel welding metal did not change significantly; when the pulse current increased to 600A, the microhardness of welded metal decreased; when the pulse current increased to 700A, microhardness has increased. With the increase of processing time, the microhardness of weld metal increased; with the increase of pressure, the microhardness of weld metal increased.
